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User Modeling based Time-Series Analysis for Context Prediction
in Ubiquitous Computing Environment
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Abstract

The context prediction algorithms are not suitable to provide real-time personalized service for users in
context-awareness environment. The algorithms have problems like time delay in training data processing and the
difficulties of implementation in real-time environment. In this paper, we propose a prediction algorithm with user
modeling to shorten of processing time and to improve the prediction accuracy in the context prediction algorithm.
The algorithm uses moving path of user contexts for context prediction and generates user model by time-series
analysis of user’s moving path. And that predicts the user context with the user model by sequence matching method.
We compared our algorithms with the prediction algorithms by processing time and prediction accuracy. As the result,
the prediction accuracy of our algorithm is similar to the prediction algorithms, and processing time is reduced by
40% in real time service environment.

Key Words : Context Awareness, Context Prediction, User Modeling, Time-Series Analysis
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Table 1. Classification of context data.

High-level Low-level Raw data | Context source
context context
walking 14°C 001001111 thermometer
watching 64dB 109 microphone
movie
writing z 0x79 keyboard
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Table 2. Preprocessing of context data.

BEGIN
Ua © user A
Lai : resent location of User A(i=0 to n)
Ty ¢ input time at La;
T @ a fixed time interval
Ha={Lai, ..., Lan} : a time ordered path history
Sa ¢ a set of Sequence Lai to Laj

FOR each Ua do
FORi1i=0ton
Lai input Ha
IF (T - Tua) < T THEN
IF (date of Ty == date of Tri.1) THEN
LAi input SA
ELSE IF
create new Sa and La; input new Sa
ENDIF
ENDIF
ENDFOR
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Table 3. Object of user model.

typedef struct_profile {
int pro_type;
union_proData {
identify_info id_pro;
day_info day_pro;
intime_info in_pro; /) °l%s A2 AIZE
outtime_info out_pro; // ol T5 AZE
staytime_info stay_pro; // ©]%& A%t
path_info path_pro[20]; // °ol's A&
intention_info int_pro; // °]% =%
} data;
} profile_object
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Table 4. Sequential matching.

BEGIN
Input pre_datall, i, j, context_count,
seq_match, context-history size
Generate context-history
FOR j=0 to (context-history size) DO
initialize each context information
FOR I=0 to ( context-history size ) DO
IF (contextli] == pre_datali]) &&
(context[i+1] == pre_datali+1]) THEN
Increase seq_match by 1
ENDIF
ENDFOR
IF (context-history >= 1) THEN
Increase context_count by 1
Reset context_count
ELSE
Do original matching
ENDIF
ENDFOR
END
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Table 5. User model.
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Fig. 1. Generation process of user model.
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Fig. 2. Structure of AILTB.
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Table 6. Prediction accuracy comparison of algorithms.

Prediction Algorithm

User User
MLP BN MP SM Modeling

87.39 85.58 90.18 85.23 84.04
75.66 86.54 78.97 83.73 82.48
68.68 86.77 75.17 75.39 77.65
74.06 69.78 78.05 82.45 81.46
Ave 76.45 82.17 80.59 81.70 81.41
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Table 7. Processing time of each users.
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Method
A B C D Ave
Sequential | ¢ o | 9o5g 6 | 18755 | 12088 | 15318
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